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ABSTRACT

34a1"

The purpose ol this investigation was two fold: to determine the macro-
scopic refractive index structure of the tropospheric region through which the
Marine-Mars signals were propagating and to evaluate the local microscopic
refractive index varintions which could cause significant phase variations of
the received signal during the time of the measurcement= arvound 7:00 pom. .
Julv 14. 1965, A study of meteorological data taken trom radiosonde ascents
above Yuma. San Dicgo. and Las Vegas together with surface obhservations at
Goldstone vielded a value of 2.27 + 0.03 meters tor the radio depth of the
troposphere.

I the air between two and five kilometers had been saturated. an ad-
ditional 0.14 meters path length would have resulted. Cumulus cloud activity
could cause changes of this magnitude.  Fortunately. no such clouds were
present along the transmission path. [t is extremely unlikely that fluctuations
as large as + .02 meters took place over the Pioncer Station during the time
interval 1900 - 2000 on July 14. 1865,
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I SYNOPTIC WEATHER SITUATIC

N OVER SOUTHERN CALIFORNLA

The summer scason for Southern California lies within the belt of
subtropical. anticyclones. With the absence of surface frontal activity, a
stagnant circulation exists. Because of the persistence of high-level, anti-
cyclonic circulation aloft. pronounced subsidence is maintained throughout
this season. The air next to the ocean is cool because the water temperature
is low. Watcr vapor is deposited in this cool stratum in juxtaposition with
the ocean surface. By July this moist marine layer is fairly thin and usually
its top is well below two kilometers. Above the marine stratum the air is
characterized by very low humidity and very high temperature due to adia-
batic heating during subsidence.  Variation in height and magnitude of tem-
perature inversion is the governing factor in duaily weather phenomena along
the California coast. The well-known Los Angeles smog is an example ot
the complete lack of vertical mixing. There exists a very close correlation
hetween the height of the base of the inversion, the pressure at 10.000 feet,
and the lapse rate of temperat re vetween the 5,000 and 10,000 foot levels.
With the intensification of the pressure ficld aloft, it has been found that the
lapse rate of temperature approaches the dry adigbatic condition; and thus.
under these conditions. indicates increased subsidence. Consequently . the
depth of the marine layer is diminished by the lowering of the base of the
inversion.

The period of July 13 and 14. 1465, was an exception to the usual
summer weather over Southern California since considerable moist air was
brought in aloft from the Gulf of Mexico. The weather of this situation.
which was known as Sonora Weather. brings warmer temperatures and higher
humidities to most areas of Southern California. Dayvtime heating over the
mountains and deserts produces cnough instability to cause cumulus and
cumulo-nimbus clouds with many rain showers and thunder storms. Although
cumulus clouds were generated by high ridges around the Goldstone location.
the air above Goldstone Pioncer Station was relatively clear during the late
afternoon and carly evening of July 14. 1965. Scattered cirrus clouds were
over the Goldstone location during the period between 1300 and 2000 on Wednes -
day afternoon. July 14. '

Under normal conditions it would be expected that the radiosonde data
from Point Arguello. Los Angeles. San Diego. Yuma. and Las Vegas would
give an indication of the degree to which the air aloft has been mixed. and
information on the stratification of the index of refraction over a wide region
circumscribing the Goldstone location. (See figure 15 {fowever. the air tra-
jectory during the period of July 14, 1965, indicates that Yuma. San Diego
and Las Vegas are most representative for the Goldstone ltocation.



II. TROPOSPHERIC REFRACTIVE INDEX

A. ERROR ANALYSIS

In atmospheric studies. the small deviation of the index of refraction
from unity is studied by introducing the refractivity. N, defined as
N = (n-1) 109, where n is the refractive index of the air.

The refractivity of the atmospheric gas is theoretically predicted by
a functional relationsiip of the form

N:T p,_B__

e
T

where P is the total pressure. T is the absolute temperature and e is water
vapor pressure. The constants A and I3 have been determined empirically
to he:

(6]

A- 717.6 X and B 4.310 K.
. ﬁ‘:iT}'h

Thus. if meteorological parameters., P. T and e are measured for some time
and place in the atmosphere. the refractivity can be calculated by the above
formula. Refractivity values are tabulated in Appendix I for actual radiosonde
weather data of Las Vegas. San Diego, and Yuma.

The etfcets of small errors or {luctuations in T. P and e are deter-
mined by the partial derivatives of N with respect to the appropriate inde-
pendent variable. From the formula. it is seen that these partial derivatives
are:

ON 77,6
b T ’
)
ON 3,73 10
de¢ 2 !



RRO o 9L1 Le qui 01c 001 a9 al
et . 1€ a6 qui g He ote 00¢ ¢l
1< " v wloﬁxw 9 g 01 iy R°Y 99 - (i g S H IS RF-— Lec 00¢ T
¢’ i 0c Lro- £10° " 6°¢ 16° qu g 16 Ly 83— e 00% 9

e0e” " 09-° cT 07.0 “ ¢rc 06° qu g 0¢ 9°¢ 9- [3rd 0oc¢ 6o
1S4 " aR - LY ¢l " I ¥ qu ¢ Le- 179 0°0 985G 00L (RS

o " 0’ 98" 4 " (S 145 qu ¢ e L 6 057 A ¢ 1
£0¢ - N ¢o - 19°1 qur - Ucm. ¥O T ce qu i cw Ll 6 crroce 006 0°1
NV 1oy e NV aT v | 2e NT© dv | de | o} 0g 1 Mo | (awa ey
N JOJII0 Ne N arnssoxd utod Ne N Ul JOXID | N 1d |rdwag ros
ul dwa g, ul Todua MOP 10419 | oans wo( RRVSIALE:

JOIId 0413 5 — 80 ; ;

:r” Q ut Jo.r.to . o sod * SUOIIPpUO) 10RO ot
But 3ut oy | Joxad ~1nsaY SUONIPUO.) IDUFEA “vouaddy

-1nsoy Qmsay| -eammbi
SISLUIVNY  HOUHT
1 1UVL
“




and oN 7.6 - 9620 ¢
JT ? T

In order to deterinine the effect of probable errors in T. P and ¢. these par-
tial derivatives may be evaluated at the approximate values of o T, e for
the atmosphere which is being studied. In Table I are tabulated atmospheric
conditions typical of those found in July radiosonde weather data of Southern
California. and which are similar to conditions at Goldstone Tracking Station
on 14 July 1965. Tor the weather conditions found in each row. the partial
derivatives are evaduated and then multiplied into corresponding estimated
errors in P, e. or T. to give a resulting error in N. AN. At the lower alti-
tudes such as around the 900 mb pressure level. errors in N are expected

to be mostly due to errors in humidity. As has heen pointed out elsewhere.
changes in water vador associated with the presence of clouds can have a
marked elfect on the refractivity. N.

At higher altitudes. above 6 km. the water vapor content dwindles.
and above 8 km it becomes negligible. Consequently. at these higher alti-
tudes, the only measurable changes in N are due to changes in temperature
and pressure.

B. RADIOSONDE PROFILES

At elevations near the Earth's surlace the water vapor content is the
dominant variable. At higher elevations where the atmosphere consists of
almost one hundred per cent dry constituents. the density variation with
elevation controls the index of refraction variation.  Above the 700 mb pres-
sure level the reiraciivity decreases exponentially with elevation and remuaing
quite stable regardiess of weather conditions helow. At these higher altitudes
the atmospheric conditions above San Diego. Yuma, and Las Vegas were very
similar to one another over the period of July 14 - 15, This is shown in
figure 2 by the fact that the eight data points taken from the three different
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towns. all fall on practically the same spot. wherever data was recorded above
6 km. Above 6t km. the N profile for July 14 is very well represented by

N =349 exp. | -0.1326 h |

where h is in kilometers. This curve was selected as the best fit to the radio-
sonde profiles taken at Yuma, San Diego and Las Vegas. These data are shown
in figure 2. The radiosonde data for these stations are tabulated in Appendix 1.
Between 2 km and 6 km the N profile is again always closely exponential in
form, but in this interval, the exact positioning of the curve depends upon the
meteorological conditions. Below 2 km the N profile may be extremely var-
iable but is adequately represented by a nuwmber of lincar segments.  For the
Goldstone location at the time of interest the data in the altitude interval from

1 to 6 ki appear to be contained between the two following curves:

N 316 exp. [ -0.1176 h |,

N = 310.5 - 25.5h.

C. INDEX OF REFRACTION FLUCTUATIONS

Mcasurements reported by Crain { 1 | indicate that the magnitude of
refractive index change over spatial distances less than 100 feet are very
small at elevations above 1,000 feet. The major refractive index changes
were found to be associated with tluctuations in air moisture. lying at
1.000 feet along the Atlantic coust line changes in N up to 15 units were ob-
served over distances of the order of 300 to 500 feet (rms values 3 N units).
The associated temperature changes were only one to two tenths of a degree
centigrade. DBussey [ 2 ] finds that scale sizes of 5 meters have changes
les= than 0.1 N at all times. For sizes 100 to 500 meters the average AN
is 1.5,for 1,000 to 6.000 meters the change in AN is 4.5,

Refractive index changes of 10 to 25 N units has been observed at
the houndary of cumulus clouds. The convective activity associated with
the latent heat of condensation carries water vapor from levels as low as
5,000 ft. to elevations in excess of 25.000 ft. The falling ice and water
particles evaporate and supply water vapor which increases the index of re-
fraction within the cloud. Fortunately. all cumulus cloud activity was well



off the propagation path between the Pioneer Station and the Mars spacecraft
during the time 1500 to 2000 on 14 July 1965.

The diurnal variation of the temperature at the Farth's surface creates
a temperature inversion which progresses up in elevation during the morning
hours until finally the normal daytime lapse rate of temperature is established.
This temperature inversion creates o stratified region in which atmospheric
waves can exist. A theoretical consideration indicates that atmospheric wave
motion can oceur at any surface in the atmospherce where there is a rapid change
in wind velocity with height and a stable stratification of temperature. Such
conditions are best fulfilled at temperature inversions. The wind shift supplies
the energy that sets up the wave motion.,  Gravity acts as a stabilizing or re-
storing force. The waves may be stable or unstable depending upon their wave
length. which in turn depends on the density. the wind speed difference on the
two sides of the temperature inversion and on the actual lapse rates of the tem-
perature in the two regions below and above the inversion,

For given val'ues ol density, wind velocity differences and temperature
lapse rates. there is a critical wave length below which wave 1otion is unstable.
The smaller the temperature inversion. the longer the wave length that will
become unstable. However, all wave lengths above this ceritical value will re-
main stable because of the gravitational effect. A determination ot the critical
wave lengths involves solutions of the cquation of the motion and equation of
continuity under the specified conditions of temperature lapse rates and den-
sity variation. For the case of ordinary adiabatic lapse rate. waves of unlimited
wave length would be unstable since there would bhe no restoring force on a par-
cel of air that is either displaced upward or downward. There is no restoring
force. just viscous tvpe forces. This is the region where turbulent air blobs
are developed hbecause of the shearing effect.  In addition. there are leeways
set up by the air flowing over mountain ridges. This might be a source of tur-
bulent hlobs in the air above the Goldstone site.  An investigation of these two
aspects of the problem is beyond the scope of the current investigation and will
not be discussed {urther here.

III. MLETEOROLOGY AT GOLDSTONE

A. TEMPERATURE

Wet bulb and dry bulb temperature measurements were made at a point
approximately six feet above the surface of the carth at three separate locations.
Location A was at 1.000 feet east of the Pioncer Antenna Site: Location D was
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1. 000 feet south of the Pioneer Antenna Site: Location € was located 3. 000
feet south of the antenna site. Measurements made at these three stations
were quite consistent and showed insignificant spatial variation between the
locations.
[ 4

Figure 3 is a plot of the dry bulb and wet hulb temperatures from
July 13 to the morning of July 15. If the influx of moist. hot air had not
taken place. the diurnal variation would have heen very close to what is
shown for the first half cyele of July 13. At the bottom of the figure 3 is
shown the index of refraction variation during this period.

During the morning of July 14. 1965. therc were considerable clouds
over the Goldstone Pioncer location. By mid-afternoon cumulus clouds were
in evidence over many mountaing around the site: one example to the north
of the location is shown in figure 4. Fortunately. by 1800 the clouds along
the propagation direction had cleared away except for a few high level cirrus
clouds shown in figure 5.

IV, METEOROLOGICAT, MEASUREMENTS

A. RADIOSONDE

The radiosonde | 3 | is a balloon-born instrument package for meas-
uring the pressurce. temperature. and humidity of the air starting at the sur-
face and going to approximately 100.000 feet. Resistance changes of the
temperature and humidity elements control the audio modulation frequency
of a blocking oscillator. The modified 1650 Mc¢/s carrier is transmitted to
the ground where the temperature and humidity is recorded. The individual
radiosonde package is calibrated on the ground before the flight and the pres-
sur¢ element adjusted to agree with the barometric pressure at the elevation
for which the radiosonde is launched. The data are obtained by switching
between the temperature and the humidity readings at specified changes in
pressure.

Radiosondes are lTaunched simultancously twice each day at a number
of stations throughout the northern hemisphere, Data are reported by all
sondes at mandatory pressure levels of 1060, 850, 700, 500, 300, 230, 200.
160 and 100 millibars. Signiticant levels are recorded in hetween if signif-
icant changes in temperature or humidity are noted. The advertised ac-
curacies for measuring the pressure. temperature. and humidity are included
in the following table.

-G -



TABLE 11

RADIOSONDE INSTRUMENT ACCURACIES

Pressure Level A(P) AT AR, H.)
1000 mb 1 mb
E3
500 mb L3 mb = 0.59% 2,5
100 mb 1.5 mb
10 mb 1.5 mb

L . . v O N 8]

* This value is for temperatures greater than -10 C. The temperature
lag at a temperature inversion may produce large errors in humidity
readings.

B. SURFACE TEM PI-IHATUBJC_ R&\SUR]JMI-IAEFE

Three houses for wet and dry bulb thermometers were constructed
and a typical installation is shown in figure 6. The thermonteters were all
calibrated and their accuracies were known to be within £'0.1 of a degree
centigrade. A small electrical fan was available for acrating the wet bulb,
However, it was not used because the wind at Goldstone was always sut-
ficient to keep the wet-bulb temperature depressed to the value given by a
sling psychrometer.

C. MEASUREMENT OF AIR PRESSURE

Over a dozen readings of atmospheric pressure were taken at the
Pioneer Tracking Station from July 12 to July 15. The changes seemed to
follow a well-behaved trend. The minimum recorded was 901.9 mb at
0735 on July 12 and again at 0612 on July 15, with a slowly reached maxi-
mum of 04,0 mb around 1400 on July 13.

Because the pressure changes were small and gradual their effects
on the refractivity of the atmosphere were no doubt unimportant, as com-
pared with other weather variables, at the time of tiie occultation experi-
ment on July 14.

- 11 -



V. _RADIO PHASE VARIATION DUE 0O TROPOSPHERE

At the frequencies cornsidercea. the iniex of refraction of the tropo-

sphere is not a function of frequercey. The irerease in travel time due to
the troposphiere can most conveniently be stated in terms of increased dis-
tance, which, when multipliea ny 2 7/ A, ives the increase iy phiase of
the field in radians. Table III compares the increase in distance at normal
inciuvence for several tropospheric refractive index profiles. It was found
that the radiosowde data for Yuma, San Diego and Las Vegas were best rep-
resented by tie profile 549 exp | -0.1320 h ] for clevations above v ki,
Between one and six kilometers the data were more scattered, hut tairly
well contained etween the exponential profile ¥ and the straistt line profile
of 4. These two extremes gave increased distance for the height interval
between one and six kilometers of 1,66 and 1.12 meters. respectively. The
mean of thesc values added to the 1,15 meters derived from the profile 3
gave a value o 2. 27 meters for the fotal tropospliere above the Goldstone
Pioneer Station at 1300 on July 14, 1965, As a matter of fact, the profile
given by 3 vields a value of 2. 30 meters whnich is only . 03 roeters away
from tiiec above value. It is safe to concliie that the increased distance due
to the troposphere over oldstone at 7:00 p.m. on July 14, 19¢5. was quite
accurately given by

Ah = 2.27 -0.02 meters

The total phase change for the path through tiie troposphere at the elevation
angles A under consideration is to a good approximation given by

27 An
A sin 0

The largest short period change in refractivity taat could have tuken
place over the Goldstone Pioneer location at tie time of interest would have
been the urirt of « fully developed cumulus cloud into the propagation path.
If such u cioud extended from 2 kilometers to 5 kilometers and contained
10077 humidity throvghout. it could have ircreased the radio depta of the
troposphere by 1o more than 0. 14 meters beyond the avove value.  This.
of course. did not happen. and it is quite unlikely that the changes which
took place between 1900 and 2000 op July 14, 1t65. were as great as



L 0.02 meters. Tiis would correspond to a e¢hange of 10 N units over a two
Lijometer distacce. The onserves chanses in refractivity ot the Pioneer
Station were of this magmitude. iut it is certain that these ¢hanges were due
to cooling of the air at the surluce; ani consequently this modification «did not
extend above the antenna this early in the evening.



. TABLE III

RADIO RANGE INCREASE DUE TO TROPOSPHERE

AR (meters)

Reifractive Altitude Interval, h. Kilometers

Index Profile 0 - = 1 -6 6 -13

1. 265.0exp | -0.15368 h ] 2,965 1.370 0.771

2. 349.0exp [ -0.1326 h | 2. 631 1.118 0,71y

3. 310.0exp [ -0.12260h ] 2.564 1.090 0. 700

. 4. 330.0exp [ -0.125h ] 2. 640 1.082 0.726
5. 320.0¢xp [~0.1251 k] 2.443 1.037 0. 84

6. 316.0exp | -0.117v h | 2. uRT 1. 05y 0. 747

7. 280.0exp|-0.1255h | 2,17 909 0.550

8. 306.9exp|-0.112h ] 2. 740 1.057 0,702

1 9. N 310.5 - 25.5 h 1.1223



APPENDIX I

RADIOSONDE

A. Iu\s vV I* (}:\S_
1. Local tisne: 0500, 14 Juiy 1965

Station elevation: 679 meters

Pressure Tempoerature Dew point Index of re-  Altitude
N

(mb) OC oc fraction
SRTs 27.35 5.2 2741
928 30,38 10.8 260, 2
268 2508 . 5.2 203.0
550 27,2 Yo 2632
700 11.8 0.2 22007
(84 10,0 -1.0 215
H24 -4, 2 -1.8 1¢o
500 -10.5 -15.5 161
155 -11.2 -15.8 155
100 -21.0 ~24.0 130
300 -36.2 -13.9 100
250 -45.2 0.1
200 =058 71.5
150 =54, 0 NHA
100 -54.8 3oL

DATA

{meters) direction

-1

Y.

14,

16

L2006

.H90

60

L5450

Wind

150°

1509

1509

1649

210°

2169

O
190

1509

Wind speed
(knots)

@8

14

16

13



2.  Local time:

1700. 14 July 1965

Station elevation:

Pressure
(m') oc
937 35.2
927 30.5
850 24.8
700 13.2
602 2.8
547 2.5
500 -7.2
494 -7.%
467 -11.2
431 -14.5
400 ~17.2
300 -35.0R
200 -13.5
200 =540
150 -64.5
100 -52.5

674 meoeters

Temperature Dew point

()(1

13,

11.

-

-2,

Py BN

b

b

o

[

Index of re-
fraction N

2771
294.0
278.2
226.8
195
1745
15%
156
149
135
12%
97
5403
71.0
TN
36,5

Altitude

Wind

(meters) direetion

Zt

6.

14

16,

679

L0l

282

L9400

042

no1

113

640

- .0
ot

2909

L O
160

170

190°
190
2007

150°

1960

Wind speed
{(knots)

14

16

19
33

43



3. Locul time: 0560, 15 July 1965

Stiation elevation: 679 meters

Pressure Temperature Dew point Index of re- Altitude  Wind Wind speed
(mb) oc oc fraction N (meters) direction (knots)
937 29,5 12.2 298.9 632
914 30.0 o G.0 281.3 905
850 25. 8 6.5 262.0 1.526 3500 12
345 25.0 6.2 259,53 1.576
700 10.8 0.5 211.53 3.190 90° 10
597 -0.2 -4, 194 4,504
500 -8.8 ~11.8 162 5,890 190° 10
459 -12.8 -15.5 146 6,583
451 -14.5 -17.8 142 G,750
100 ~21.2 —28,2 128 7,530 190" 1
300 -2%.2 -0, 5 111 %, 440
300 ~36.2 9%, 2 9. 640 200° 27

- , . . 0 -
250 -46.0 S3.0 10, 830 210 51
I 1.0 :
200 ~07.5 2.0 12.530 210 GO
. B -0
150 ~035. 0 30.9 14.110 250 21
B 0
100 -0 3704 16,560 340 ¥




B. SAN DIEGO

1. Local time:

Station clevation:

Pressure
(mb)

1,000
969
947
924
892
850
700
593
500
400
300
250
200
150

100

oC

16.

=0k,

=63,

-4,

[

N

it

i

8

0300, 14 July 1965

()C

14,

[ 8]

10,8

|

1
<
P
<

1
—
(o2

-34.8

124 meters

fraction N (meters) direetion

341.0

916w
314,38

319. 8

N}
(g
.

=

-

Temperature Dew point Index of re- Altitude

124

9,640

10, 840

16,610

Wind

_.0
150

1(300
160°
1650°
170°
2107

110°

Wind speed
(knots)

12



2. Local time: 17000 1.4 July 1965

Station elevation: 124 meters

Pressure Temperature Dew point Index ol re- Altitude  Wind

{mh) oC o¢ fraction N (meters) direction
1,000 21,8 15.5 539.5 124

990 17.3 11.2 2245

970 16.2 10. % 318.2

946 23.5 ® 15.5 323.1 632

923 24.5 7.8 953.6 $48

850 21.5 2.2 255 1,534 200°

814 19.2 7.5 261.5 1,530

700 9.8 0.2 221.3 3,186 150°

550 -1.2 -7.8 134 1.810

500 8.8 6.5 154 5,890 30°

400 -19.5 -28L5 127 7,580 150°

300 35,8 98,2 9 660 160"

250 43,8 846 10,900 160°

150 -62.5 55.3 14. 130 176"

100 -G53, 8 37.5 16.640 166°

)
- 99 -

Wind speed
(knots)

13

11

.,«3
T

13

)



3. Locual time: 0500, 15 Julv 1965

Station elevation: 124 meters

Pressure Temperature Dew point Index of re- Altitude  Wind

{mb) o¢C ¢ fraction N (nmeters) direetion
1.000 16.5 15.2 346.5 124

965 13.2 11.5 321.0 451

895 24.5 6.8 2754 1.106

850 21.5 10. 8 250, 5 1,527 250

782 17.2 5.8 250. 1 2,279

700 9.5 2.3 2946, 6 3.181 110°

615 1.2 -2.5 200 1,328

500 5.3 -15.2 157 5,850 150

136 -10.2 -21.5 149

117 ~10.3 ~24.8 133

100 -21.3 ~29.5 128 7570 1500

300 -34.0 67,4 9. 646 170°

250 -43.8 51,6 10590 170°

200 -35.8 714 12,360 130°

150 -64.5 35.8 14.150 220°

®
100 ~66.5 576 16,606 100°
an

Wind speed
(knots)

o

51

59



C. YUMA

1. Local time:

0400, 14 July 1965

Station olgvutiun: 121 meters

Pressure
(mb)

997

G541

100

300

18]
ot
—_
<

200

150

Temperature Dew point Index of re- Altitude

0] C

6.9

~-10.

-1,

-0b6.

-0,

jad

RV

[N

o

. ed

3

S

oC
14.
13.

0.

6.

<y

o

D

8

o )

Lo

fraction N

1

56

164

157

"
)i

148

1

39

22N

png

(meters)

1.

)
(32N

5.

o}

6.

Ty

9,

10,

124

666

539

197

104

L9900

]

096

GOO

900

12,350

14.

130

Wind
direction

180°

140°

140°

1669
160°
166°
1'.('()()

20°

Wind speed
(knots)

14

16

10

14

11



124 meters

Index of re~ Altitude

Wind

[raction N (meters) direction

2. Local time: 0500, 15 July 1965
Station clevation:
Pressure Temperature Dew point

(mb) oC o¢
996 31.5 13.5
951 31.8 14.3
940 30.0 1.0
830 23.8 7.8
704 15.5 3.8
700 9.0 0.5
569 -5.2 -4.8
H00 -9.2 -10.2
473 -12.2 -18.2
457 -15.2 -26,5
400 -19.8 -25.8
300 -31.2 -42.8
250 -44.8

200 -37.0

150 -50, 2

517.5 120
518.5 303
294, 0 658
267, 4 1,534
239.4 2,596
222.5 3,190
13 4,959
162 3.890
152

144 G.3060
129 7. 380
100

85,0 10,900
71.8 12,350
534 14.130

t

160°

140°

340

1447

140°

0
250

Wind speed
(knots)

18
31
39
29

IS
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